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ABSTRACT 
Molly Tesch: Dental Caries Risk Varies Among Sub-Groups of  
Children with Special Health Care Needs 
(Under the direction of Michael W. Roberts) 
 
Currently, caries risk assessment tools consider all children with special health care needs 
(CSHCN) in tandem; we tested this by examining caries risk within four CSHCN groups: 
Autism(ASD), Congenital Heart Disease(CHD), Cerebral Palsy(CP); Down Syndrome(DS); and 
a control (healthy) group.   
We assembled a retrospective longitudinal cohort of 150 patients (30 per group) of a private 
pediatric dental practice and extracted information on caries  and 21 postulated caries risk factors 
from clinical records. We used bivariate tests and multivariable Poisson regression to estimate 
caries incidence rates (IR), ratios (IRRs) and 95% confidence intervals (CI).  
CSHCN had higher caries burden and caries risk (IR=0.049 per person-year) compared to 
controls (IR=0.033). Caries risk was nearly double among CHD [IRR =1.9] compared to DS 
[IRR=1.04]. ‘Visible cavities or fillings’ was the only significant caries risk factor.  
CSHCN is a heterogeneous group that must be treated in a precise, diagnosis-specific 
manner in caries risk assessment.  
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CHAPTER 1:  INTRODUCTION 
The American Academy of Pediatric Dentistry (AAPD) calls caries risk assessment tools 
an “essential element(s) of contemporary clinical care for infants, children, and adolescents.”1 The 
goal of risk assessment is to aid dentists in individualizing preventive strategies, determining recall 
intervals, and allocating resources in a way that best addresses patients’ needs. Importantly, caries 
risk assessment tools have important pedagogical value and are useful for patient education and 
communication purposes, especially in the context of addressing modifiable risk factors.  
The emerging new paradigms of precision medicine2,3 and dentistry4 place increased 
demands on caries risk assessment approaches. For example, identification of biological sub-types 
of previously considered homogeneous disease entities and emphasis on care customization are 
two important elements of precision health care. However, the practical utility of current caries 
risk assessment tools is arguably limited.5,6 This is due to several reasons including the general 
lack of validation studies and thus quantitative estimates of risk (whereas low/moderate/high are 
subjective categories), the inclusion of current disease markers as risk factors, an overall lack of 
scientific evidence support, and others. 
The consideration of all children with special health care needs (CSHCN) as one 
homogeneous category for caries risk assessment, is a prime example area where improvements 
are warranted. Existing caries risk assessment tools by the AAPD, American Dental Association 
(ADA), and Caries Management by Risk Assessment (CAMBRA) consider all CSHCN in tandem, 
disregarding their actual diagnoses and their implications.1,7,8,9,10 According to the AAPD tool, all 
CSHCN are categorized as moderate risk.1 The ADA tool places all special health care needs 
patients under 14 years of age into the high risk category while those over age 14 are categorized 
 2 
as moderate risk.7,8 CAMBRA classifies children under the age of 5 with “developmental 
problems” as high risk, while special health care needs status is not considered for individuals over 
the age of six. If, however, a patient is classified as high risk and has reduced salivary flow or 
special health care needs, they are then placed into a separate extreme risk category.9,10 Of note, it 
remains unclear what moderate, high and extreme risk exactly mean.  
CSHCN represent an important population segment: according to a 2009 national survey, 
they comprise 15.5% of all children in the US.11  In 2010, Iida and colleagues12 found that CSHCN 
had a higher proportion of unmet dental need and greater likelihood to lack preventive dental 
services than their counterparts without SHCN. The rationale for this was only speculated, but they 
did conclude that a heterogeneity in complexity of CSHCN does in fact lead to a difference in 
utilization of dental services. Given the importance of this population segment for the specialty of 
pediatric dentistry, as well as the clinical, public health and policy implications revolving around 
their care, we suggest that increased attention on their oral health status and specifically caries risk 
is in order. The heterogeneity in the diagnoses and comorbidities presented in the CSHCN group 
is a likely source of variation in caries risk between subgroups with different diagnoses. In such a 
scenario, precision oral health care would entail categorization and treatment according to specific 
sub-group or diagnosis.  
In this study, we sought to address this knowledge gap by quantifying and comparing caries 
risk among and between four common groups of CSHCN: Autism (ASD), Congenital Heart 
Disease (CHD), Cerebral Palsy (CP) and Down Syndrome (DS). Moreover, we contrasted these 
CSHCN groups with a fifth control (“healthy”) group and evaluated a wide array of postulated risk 
factors for caries incidence in the permanent dentition among these groups of children.  
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CHAPTER 2:  METHODS 
Section 2.1:  Study design and population.   
This retrospective longitudinal cohort study was approved by the Institutional Review 
Board of the University of North Carolina at Chapel Hill (#16-1910). Thirty patients from each 
CSHCN group (ASD, CHD, CP, and DS), as well as 30 control patients were selected using 
consecutive quota sampling from a private pediatric dentistry clinic in an urban center in North 
Carolina. Patient records eligible for chart review, patient selection and data extraction were dated 
between May 1992 and December 2016. To be included in the SHCN groups, patients had to have 
one, but not multiple of the diagnoses under study: ASD, CHD, CP, or DS. An exception to this 
criterion was made for patients with DS who also had CHD; these were not excluded from the DS 
group, as heart conditions are a classic comorbidity of DS. Patients were eligible for inclusion in 
the control group if they did not have any of the studied SHCNs or other significant medical 
histories. Control patients were selected with an effort to age-match subjects in the CSHCN groups 
at the date of their last appointment. Patients were not excluded for having seasonal allergies, 
eczema, or well-controlled asthma (having never necessitated emergency room care and being 
managed with no more than one medication).   
 
Section 2.2:  Data and procedures.  
Clinical and dental history data were extracted from every appointment throughout the time 
each patient was followed in the practice. The retrospective chart review and data abstraction for 
all 150 patients was conducted by the first author. Information collected from charts included 21 
postulated risk factors. These were factors in the domains of protective or deleterious, biological 
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and clinical findings that are found within the AAPD caries risk assessment tool.1  It also included 
six factors which we postulated may be of special relevance to the oral care of CSHCN: patient 
taking xerostomia inducing medications; caregiver having difficulty performing oral hygiene; 
patient is a mouth breather; patient has calculus present in occlusal grooves of posterior teeth; 
patient’s diet is liquid/pureed only or supplemented; and patient is g-tube dependent.  
 Caries diagnoses were done at the surface-level by five board-certified pediatric dentists 
who were employed in the same private practice during the timeframe of the study. A combination 
of visual and visual-tactile criteria paired with periodic radiographic examination was used for 
caries lesion detection at the non-cavitated level (d1 or D1). The traditional DMFS and dmfs index 
scores were estimated for each patient and visit. Primary dentition caries (burden, measured by the 
dmfs index; and risk, defined as transition for dmfs=0 to dmfs>0 during the study period) was 
considered among patients who were <72 months old at the last clinic visit. Similarly, permanent 
dentition caries (burden, measured by the DMFS index; and risk, defined as DMFS=0 to DMFS>0 
transition during the study period) was considered among patients who were ≥72 months old. 
Summary caries burden and increment indices were computed as the sum of dmfs and DMFS.  
 
Section 2.3:  Analytical approach.  
We used univariate, bivariate and multivariable methods for data presentation and analysis. 
We employed Poisson regression modeling to quantify caries risk; specifically, we estimated 
incidence rates (IR; corresponding to ‘caries events’, i.e., non-case to case transitions per person-
year) and 95% confidence intervals (CI) as measure of risk. We computed follow-up time adjusted 
(annual) increments to account for differences in follow-up time, and excluded patients who were 
followed for less than 6 months. To compare risk between different groups we generated incidence 
rate ratios (IRRs) and 95% (CI). To identify caries risk factors (i.e., factors that were significantly 
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associated with caries incidence) we used logistic regression with marginal effects estimation and 
a backward stepwise variable selection strategy for covariate inclusion (p<0.005 for variable entry 
and p<0.05 for variable retention criteria).  
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CHAPTER 3:  RESULTS 
Tables 1 and 2 present the descriptive information of the study sample, stratified by 
CSHCN group, as well as inclusion in the primary and permanent dentition analysis. Participants’ 
median age at baseline was four years and median follow up period was 5.3 years. Caries burden 
was highest among children with CHD, followed by ASD and CP diagnoses. Similar patterns were 
found whether children ages 24-71 or 6-71 months were considered for primary dentition caries 
burden (Figures 1 and 2). In the permanent dentition, ASD and CHD also had the highest caries 
burden (Figure 3), although these differences at baseline were smaller and not statistically 
significant.  
 Crude permanent dentition caries increment (Table 3) was highest among children with 
ASD diagnosis: 6.9 versus 2.5 among controls (Figure 4). However, controlling for follow-up time 
(which varied between study groups), children with CHD diagnoses exhibited the highest adjusted 
(annual) DMFS increment (4.9) compared to those with ASD diagnosis (2.5) (Figure 5).    
 In terms of caries incidence, 30% of at-risk controls and 43% of at-risk children with SHCN 
developed the permanent dentition caries during the study period (Table 4), a 43% relative 
difference (P=0.3). Examination of all 21 postulated risk factors for caries incidence reveled that 
only one, caries experience in the primary dentition (“visible cavities or fillings”), was associated 
with caries risk, and a relative effect of (incidence rate ratio) 2.1 (95% CI=1.1-3.8; P=0.02). This 
estimate remained virtually unchanged after adjustment for SHCN diagnosis. Caries risk 
(incidence rates) varied between SHCN group and controls—risk was more than double among 
children with CHD (0.079 cases per person-year) compared to controls and those with DS (0.033 
cases per person-year). Consequently, while overall CSHCN had incidence rate ratios 53% higher 
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than controls, these estimates were higher among CHD (IRR=1.9, 95% CI=0.75-5.2) and ASD 
(IRR=1.85, 95% CI=0.70, 4.9) versus CP and DS (Figure 6).  
Section 3.1: Tables 
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Section 3.2: Figures 
 
Figure 1. Primary dentition (dmfs) caries experience at the first dental visit among 
patients ages 24-71 months old 
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Figure 2. Primary dentition (dmfs) caries experience at the first dental visit among 
patients ages 6-71 months old 
 
Figure 3. Permanent dentition (DMFS) caries experience at the first dental visit among 
patients ages >71 months old 
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Figure 4. Permanent dentition (DMFS) caries increment between the first and the last 
dental visits among patients ages>71 months old at the last dental visit 
 
Figure 5. Follow-up time adjusted (annual) permanent dentition (DMFS) caries increment 
between the first and the last dental visits among patients ages>71 months old at the last 
dental visit 
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Figure 6. Permanent dentition (DMFS transition from 0 to greater than 0) caries risk 
(incidence rate ratios and associated 95% confidence intervals) associated with the only 
significant caries risk factor among study participant (“caries experience in the primary 
dentition”), overall, adjusted and stratified according to special health care needs diagnosis.  
 
 
 
 
 
 
 
 
 
 
 
 12
 
 
 
 
CHAPTER 4:  DISCUSSION 
In this study, we assembled a retrospective longitudinal cohort to evaluate caries 
experience and caries risk in four groups of CSHCN compared to age-matched controls.  We 
found that caries risk was overall higher in CSHCN compared to age-matched ‘healthy’ controls 
yet both caries burden and risk were somewhat heterogeneous within the CSHCN group. In 
terms of caries risk factors, we found that caries experience in the primary dentition was 
uniformly and strongly associated with caries risk, essentially doubling caries risk, for all 
children, whether in a SHCN group or not. Our findings add to the knowledge base of caries risk 
among special health care needs populations and shed light into previously undetected 
heterogeneity among children with different diagnoses. Based on these findings, we support that 
a more detailed accounting of medical diagnoses must be operationalized in caries risk 
assessment tools—caries risk may differ by a factor of 2 within sub-groups of CSHCN.  
Previous reports have evaluated individual SHCN diagnoses in comparison to controls or 
considered CSHCN as a whole compared to healthy controls;12 however, few have examined 
multiple diagnoses from one setting. This evidence consistently shows that patients with DS are 
likely to have a lower caries risk compared to controls13,14,15 and that patients with CP are likely 
to have higher caries risk.16,17 However, there is far more debate in the literature surrounding the 
caries risk of patients with ASD and CHD. One study found that patients with ASD were more 
likely to have overall negative behaviors in the dental chair, more difficulty in finding a dental 
home, poorer overall oral hygiene, and an increased proportion of untreated dental caries lesions 
compared to their healthy counterparts.18 Others have found that patients with ASD were more 
likely to have more highly educated parents who participated more actively in their oral hygiene 
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routines and diet selection leading to an overall decrease in caries incidence compared to healthy 
controls.19 In patients with CHD, while an increase in enamel defects has been noted, this has not 
been demonstrably translated to elevated caries risk.20  
In the present study, DS patients’ caries risk was nearly identical to controls and 
considerably lower than all other groups of CSHCN. This finding is consistent with earlier 
findings of similar or decreased caries experience in patients with DS compared to those 
without.13,14,15 Moreira and colleagues13 found a comparable caries experience between DS and 
non-DS children, and also reported that DS patients with caries had higher salivary S. mutans 
levels compared to non-DS patients with caries. Other studies have investigated the salivary 
composition of DS patients to determine what biological factors make them inherently less prone 
to caries development. Lee et al.14 attributed the decreased caries propensity of DS patients to 
higher salivary S. mutans-specific IgA: a caries protective factor. Additionally, Siqueira and 
colleagues15 found that while children with DS produced less saliva than controls, the saliva 
from children with DS had a marked increased buffering capacity which may also account for 
lower caries rates. 
  Children at increased risk of developing caries require intensified preventive strategies. 
Many studies have shown that dental providers are good at recognizing high caries risk and 
ramping up preventive efforts once disease is already present.20,21 However, in these patients 
caries risk is not applicable, and a disease management approach is warranted. Being able to 
identify children at increased risk prior to disease occurrence if fundamental for efforts to 
prevent it. Moreover, previous reports generally lack quantitative estimates of caries risk, which 
are important elements of precision clinical care, patient education and communication.6 Based 
on the results of the present study that was conducted among this specific study population, we 
estimated that approximately one out of ten CHD patients (8 out of 100) per year will convert 
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from caries-free to a dental caries case in the permanent dentition, even in the context of a dental 
home. This rate was one out of thirty for DS patients and healthy controls.  
 Based on the findings of this study, those at elevated risk, requiring the greatest caries 
preventive strategies would be patients with CHD and ASD patients, in both the primary and the 
permanent dentition. Similar to findings of Stecksen-Blicks20 we found that patients with CHD 
had the highest primary dentition caries experience (dmfs burden) than all other groups. A 
substantial body of research supports the notion that CHD leads to periods of cyanosis and 
subsequent abnormal enamel formation in upwards of 50 percent in the developing primary 
dentition,22 which can result from transient oxygen deprivation. These enamel defects make the 
teeth more caries susceptible23 in addition to the increased number of xerostomia-inducing 
medications patients are often taking to treat their CHD.   
Of note, CHD patients’ caries risk this study was more than double that of DS 
patients. However, it has been reported that significant cardiac defects are present in roughly 
44% of the DS population.24 Therefore, physicians routinely screen infants diagnosed with DS 
for CHD leading to an early diagnosis and subsequent surgical intervention. We speculate that 
with early diagnosis of DS prenatally, congenital heart defects are also being diagnosed at 
or before birth leading to earlier surgical intervention and decreased periods of cyanosis that 
leads to enamel defects. According to the CDC, only 15% of mothers reported learning of their 
child’s CHD diagnoses prenatally and this was more likely when there is already a prenatal 
diagnosis of another birth defect.25 We believe that this early intervention in treating cardiac 
conditions, combined with the caries protective factors found in patients with DS,14,15 leads to an 
overall low caries risk in patients with DS compared to those with CHD alone. 
Patients with ASD in this study had high permanent dentition (DMFS, annual) increment, 
second only to CHD. The existing evidence is split regarding the caries risk of this group;18,19 
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those who have found patients with ASD to be at greater caries risk have attributed this to 
increased  negative behavior in the dental chair, more difficulty in finding a dental home, and 
poorer overall oral hygiene.18 Considering that patients with ASD have more behavioral issues 
than medical differences compared to our healthy controls, we speculate that at a young age 
these behavioral differences may not have a great effect on caries risk, as many patients at a 
young age are pre-cooperative anyway. With age, however, these differences become more 
apparent and add to the challenges of diet preferences, performing oral hygiene and accepting 
dental treatment. Anecdotally, it has been observed in our study’ population of ASD that 
consuming dry cereal versus cereal with milk is preferred. There was also a tendency for sticky 
gummy type candies to be used as rewards by therapists working with this population. Future 
studies, should consider dietary differences between these SHCN groups. 
Children with CP had similarly elevated primary dentition caries experience (dmfs index) 
at baseline, compared to controls. However these patients did not experience a notably elevated 
DMFS increment, and they fell between controls and CHD/ASD in terms the magnitude of their 
permanent dentition caries risk. This is consistent with published reports showing an overall 
increased caries risk in these patients.16,17 While we did not collect data on the severity of each 
patient’s CP, there has been shown to be a direct relationship between the severity of the 
neurological impairment and caries risk increase. This has been attributed to an increase in biting 
reflex, difficulty in performing oral hygiene, decrease in oral motor function,16 and increased 
likelihood to have a liquid or pureed diet.17 
Caries experience in the primary dentition emerged as the only significant predictor of 
permanent dentition caries across all four groups. This is not a novel finding. Past caries 
experience is often the major factor dental providers consider when assessing risk in their 
patients. The downfall to this strategy in assessing risk, however, is that if one considers dental 
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caries as a person level disease and awaits the disease to manifest to then “predict it”, it may be 
too later for risk assessment and a disease management approach may be best suited. 
The heterogeneity within this CSHCN population cannot be overemphasized. With the 
notion of precision dentistry and the idea of “training precision-minded healthcare providers”,3 
we must consider the individual nuances of each patient as we tailor an individualized prevention 
and treatment plan. To combine any group of patients into a single risk category is to ignore the 
individual differences that make them unique and shape their disease risk—CSHCN are no 
different.    
Our study benefits from the longitudinal design and the fact that all patients were seen at 
the same, well-established practice, over a long period. This also allowed the inclusion of a 
control patient group, from the same practice, to serve as a comparison. In spite of these 
strengths, this patient sample may not be reflective of other patient populations with SHCNs, and 
the small sample size limited our ability to make robust statistical inferences. However, we 
expect that this research question will be examined using similar methodology in other clinics or 
academic centers, and this way, one may attempt to replicate or validate our findings.  
 
 
 
 
 
 
 
 
 
 17
 
 
 
 
CHAPTER 5:  CONCLUSIONS 
1. CSHCN is a heterogeneous group that should not be considered in tandem for caries risk 
assessment but rather by diagnosis.  
2. Patients with CHD experienced the highest caries burden in the primary dentition. 
3. Patients with CHD had the highest permanent dentition caries increment, followed by those 
with ASD. 
4. DS patients’ caries risk was the smallest of all CSHCN groups studied and essentially 
identical to healthy controls.    
5. Caries experience in the primary dentition was the only significant predictor of permanent 
dentition caries incidence across all groups. 
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